Factors influencing oxygenation of the arterial blood were studied, during routine anaesthesia, in thirty-six patients anaesthetized with halothane and allowed to breathe spontaneously, with a mean minute volume of 5 l./min. There was evidence of an unsteady respiratory state during the first hour of anaesthesia. Oxygen consumption was 87 per cent of basal. Physiological deadspace amounted to 33 per cent of the expired tidal volume (all patients intubated). At high levels of inspired oxygen concentration, the mean alveolar-arterial Po, gradient was 184 mm Hg, corresponding to a shunt of 14 per cent of pulmonary bloodflow. At lower levels of alveolar Po 2 , the alveolar-arterial Po, gradient diminished but was above the value which would be caused by a shunt of 14 per cent. This was probably due to uneven ventilation perfusion ratios (maldistribution) corresponding to a calculated venous admixture rising as high as 30 per cent. It is concluded that, to ensure the maintenance of a normal arterial Po a in the majority of patients, the alveolar Po, is required to be as high as 200 mm Hg and this needs an inspired oxygen concentration of 35 per cent under the conditions investigated in this study.
Dr. Beddoes, quoted by Sir Humphry Davy
The present study was designed to make a (1800), was probably the first to point out that simultaneous assessment of the principal factors the inhalation of nitrous oxide might result in influencing arterial oxygenation during anaesdesaturation of the blood. Since that day a great thesia with spontaneous respiration. Analysis of many publications have described desaturation arterial blood together with inspired and expired during the course of anaesthesia. Unfortunately, air (sampled simultaneously) has given informathese studies have seldom given sufficient infor-tion on the interplay of oxygen consumption, inmation to indicate the precise cause of the hy-spired oxygen tension, alveolar ventilation, shuntpoxia, since a considerable number of factors can ing and maldistribution on the arterial oxygen influence oxygenation. The position is somewhat tension. From the results it has proved possible clearer when artificial ventilation is employed, and to formulate some recommendations as to the studies by Campbell, Nunn and Peckett (1958) , inspired oxygen concentration required under the Frumin et al. (1959) and by Stark and Smith conditions of the study. (1960) have denned some of the more important DEFINITION OF TERMS factors influencing arterial oxygenaaon under these circumstances. When the patient is allowed
The terms "alveolar" and "deadspace" are now to breathe spontaneously, however, very little is confused by alternative definitions. Throughout known of the derangement of physiological facthis P 3 !** ^ ** defincd M follows: tors influencing arterial oxygenation, although it Alveolar gas refers, not to end expiratory, but to is established that appreciable shunting may occur "ideal" alveolar gas as defined by Riley et al. (Stark and Smith, 1960) and that saturation may (1946) . Arterial and ideal alveolar Pco 3 are asbe as low as 70 per cent (Faulconer and Latterell, sumed to be equal and the ideal alveolar Po, is 1949; Ikezono, Harmel and King, 1959) .
derived by solution of the alveolar air equation. 327 328 BRITISH JOURNAL OF ANAESTHESIA Deadspace refers to the physiological deadspace, defined as that part of the tidal volume which does not equilibrate with pulmonary blood, as measured by solution of the Bohr equation using the Pco 3 of arterial blood (Enghoff, 1938) . Symbols are in accord with the recommendations of the Committee for Standardisation of Definitions and Symbols in Respiratory Physiology (Pappenheimer et al., 1950) .
Secondary symbols
Primary symbols V gas volume V gas flow rate of exchange F fractional concentration P tension R respiratory exchange ratio T tidal f respiratory frequency a arterial STPD standard temperature and pressure dry. BTPS body temperature and pressure saturated.
METHODS

Patients and anaesthesia.
A total of 40 studies were carried out in 36 patients (11 male) (table I). With the exceptions noted, they showed neither clinical nor radiological evidence of cardiac or respiratory disease. The nature of the study was explained to each patient, and they remained under the care of anaesthetists who were not directly concerned with the study: premedication varied according to their custom (table I) .
Anaesthesia was induced with thiopentone (200-500 mg). Patients were then intubated with a cuffed endotracheal tube, during paralysis obtained with suxamethonium (50-100 mg). Anaesthesia was maintained solely by inhalational agents, the patients being divided into three groups according to the approximate composition of the inspired gas as follows: Nitrous Oxygen Group I: 21% Group II: 28% Group HI: 98.5% A non-rebreathing gas circuit was used prior to the period of measurement, which varied between 14 and 73 minutes after induction of anaesthesia. The same inspired gas mixture was used throughout this period, and ventilation was only assisted before and after intubation during the brief period of neuromuscular blockade.
Gas collection.
Measurement periods lasted for 3 minutes and during this time gas was inhaled from the box, and exhaled into the bag of a box-bag system (fig. 1), described in detail by Nunn and Pouliot (1962 54  46  51  29  54  52  59  57  42  59  48  53  41  28   52  49  41  65  47  40  47  55  23  58  30   40   43  81  62  66  50  67  36  46  59 36 Height  (cm)   174  162  157  152  171  165  162  178  167  164  162  175  162  175   170  160   175  175  167  175  178  167  167  162  160   162   167  162  151  165  157  160  183  --175   Weight  (kg)   80  51  60  62  58  80  49  68  71  41  60  76  70  76   68  68   54  78  84  95  75  80  64  52  51   64   64  55  50  64  54  51  89  59 73 •This patient was studied a second time after an interval of one week (same operation).
JTwo studies were carried out during the same operation. tThree studies were carried out during the same operation. The system permits the separate measurement of inspired and expired minute volumes and the sampling of each (Donald and Christie, 1949) . The direction of gas flow was controlled by a unidirectional valve box giving a total apparatus deadspace of 55 ml in the earlier studies, and 30 ml after modification. Gases were sampled immediately after collection, and errors due to diffusion through the walls of the bag were found to be negligible. Fresh gases were humidified and it was, therefore, possible to correct gas volumes to BTPS or STPD as required. Any temperature changes in the system were noted and the appropriate corrections made. No gas samples were studied for the patients in Group in, since alveolar Po a may be calculated without measurement of gas exchange when the inspired oxygen concentration approaches 100 per cent.
Gas analysis.
Oxygen concentration was determined with a polarograph and carbon dioxide concentration with a carbon dioxide sensitive electrode, the same methods being used for the blood samples (see below). The use of the polarograph for analysis of a gas mixture carries only a moderate level of accuracy (coefficient of variation of random error-1.2 per cent). Nevertheless, the method is not affected by the presence of nitrous oxide, which excludes practically all other methods, with the exception of a paramagnetic analyzer, which was not available at that time. Analysis of carbon dioxide concentrations by the use of a carbon dioxide sensitive electrode is satisfactory, being uninfluenced by the presence of nitrous oxide and having an accuracy comparable to that of the Haldane apparatus. The limitations due to the accuracy of these techniques are discussed at length by Nunn and Pouliot (1962) .
Blood analysis.
Blood samples of 12 ml were collected from the radial artery into an all-glass syringe the deadspace of which was filled with heparin (50 mg per ml). Analysis was carried out within 15 minutes. The samples were not cooled, but a correction was applied for changes in Po. and PcOj due to metabolic activity of the blood (Capel and Nunn, unpublished) .
was determined with a carbon dioxide sensitive electrode (Severinghaus and Bradley, 1958) , maintained close to body temperature and held constant to within ±0.1°C. The output was measured potentiometrically using a Vibron Electrometer as a null indicator. The sensitivity of the electrode was determined daily with 100 per cent carbon dioxide and a 5 per cent carbon dioxide in oxygen mixture, and each blood sample was bracketed between known gas mixtures, analyzed with the Lloyd-Haldane apparatus (Lloyd, 1958 ); 1.5-ml samples were analyzed in duplicate. Po 3 was determined with a Clark cell covered with a 60[j. polyethylene membrane. The electrode was mounted in a Bishop cuvette (Bishop and Pincock, 1958 ) and stirred at 500 r.p.m. The electrode was polarized with a voltage of 600 mV and the current passed was bucked using the circuit described by Severinghaus and Bradley (1958) , null balance being determined with a Vibron Electrometer. Zero was obtained with carbon dioxide gas (Cater et al., 1963) and calibration was with air-equilibrated water, allowing a ratio of 0.95 for the difference in reading between blood and water of the same Po 2 ; 4.5-ml samples were analyzed in duplicate. The measured blood-gas tensions were corrected for any difference between the patient's rectal temperature and the running temperature of the electrodes (Bradley, Stupfel and Severinghaus, 1956; Nunn, Bergman, Bunatyan and Coleman, unpublished) .
In a study of this nature, considerable importance attaches to the absolute accuracy of the measurement of blood gas tensions. Analysis of 116 samples of tonometer-equilibrated blood before, during and after the study revealed no significant systematic error for either electrode, but a random error with coefficient of variation 4 per cent for carbon dioxide and 5 per cent for oxygen. This would include errors in tonometer-equilibration and sampling. Using these methods we obtained the following values for arterial tensions in normal conscious supine subjects, whose ages ranged from 24 to 46 (Nunn and Bergman, 1964 
Calculation of results.
The ideal alveolar Pa, was derived from a special form of the alveolar air equation which is applicable when the inert gas (nitrous oxide in this instance) is not in equilibrium :
(For patients in Group III the alveolar Po, was taken to equal the dry barometric pressure less the arterial Pco,.) The alveolar-arterial Po, difference ((A-a)Po 2 ) was derived by subtraction and the calculated shunt estimated from a mixing equation on the following assumptions:
(1) End pulmonary capillary Po, equal to alveolar Po a . (2) Arteriovenous oxygen content difference of 3.5 vols per cent, which is the value suggested from published data of cardiac output and oxygen consumption during anaesthesia. (3) The form of the haemoglobin dissociation curve described by Severinghaus (1958) . (4) The solubility of oxygen in whole blood (O.OO3O3 vols per cent/mm Hg) derived by Sendroy, Dillon and Van Slyke (1934) for ox blood being valid for human blood. The importance of these assumptions is quite critical at some of the levels of oxygenation found in these studies. The values for the calculated shunt must therefore be interpreted with caution.
The physiological deadspace was derived from the following form of Bohr's equation:
-5 -I ~ apparatus deadspace (ii)
The apparatus deadspace was determined by water displacement. Values of oxygen uptake, carbon dioxide output and nitrous oxide uptake were derived by the method of Nunn and Pouliot (1962) . Oxygen consumption is also expressed as a percentage of basal according to calorific data of Aub and Dubois (1917) and Boothby and Sandiford (1924) .
The value for the respiratory exchange ratio (R) relates to the expired gas and would not be expected to equal the metabolic respiratory quotient of the patients, since they were clearly not in steady respiratory states.
RESULTS
Minute volume (inspiratory) of Groups I and II had a mean value of 5 l./min BTPS (table II) . The mean expiratory minute volume was 240 ml/ min less, the major part of the difference being due to nitrous oxide uptake which is shown plotted against duration of anaesthesia ( fig. 2) . Mean respiratory frequency was 27 b.pjn.
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Flo. 2 Nitrous oxide uptake (ml/min STTPD) plotted against time from induction. The lines indicate the range of observations in six subjects studied by Severingnaus, 1954. Arterial Pco t was above the normal limit in almost all cases. In the first two groups the mean values were almost identical, with an overall mean of 50.3 mm Hg. The level was lower (42.3 mm Hg) in the patients breathing a high oxygen concentration. The mean of this group was considerably influenced by one result which was probably in error.
Physiological deadspace is plotted against expired tidal volume in figure 3. The mean ratio was 33 per cent and the majority of results lie within the range 20-40 per cent.
Oxygen uptake is plotted against rectal temperature in figure 4. The mean was 87 per cent of basal (Groups I and II) at 36.3°C. The correlation between oxygen consumption and temperature is not significant.
Carbon dioxide output and respiratory exchange ratio were below the possible metabolic limits for the oxygen uptake and indicated unsteady respiratory states. Figure 5 shows the res- piratory exchange ratio plotted against time. The correlation coefficient closely approaches the customary level of significance (0.05<P<0.1).
The arterial Po 2 varied markedly between the different groups. In Group I the mean value was 70 mm Hg (table n). In Group n, the mean value was 107 mm Hg, and in Group m, 476 mm Hg. For each pair of groups the difference was highly significant (P<0.001). The relationship between the inspired oxygen concentration and the arterial Po 3 is shown in figure 6 .
The alveolar-arterial Po i difference is listed in table II and shown plotted against alveolar Po 2 in figure 7. The mean value in Group I was 26 mm Hg and in Group n, 42 mm Hg, the difference being significant (P=0.05). In Group HI the values for (A-a) Po a were larger, mean value being 184 mm Hg. The difference between Group II and Group ELI is highly significant (P<0.001). Below an alveolar Po 3 of 200 mm Hg, the alveolararterial Po a difference only once exceeds half the the alveolar Po a .
The calculated shunt is listed in table H and shown plotted against alveolar Po, in figure 7. Below an alveolar Po a of 200 mm Hg, there is a significant negative correlation between alveolar Po 2 and calculated shunt (R= -0.50; 0.01<P< 0.025). Shunts were calculated to be over 30 per cent of cardiac output at the lowest levels of arterial Po 2 . There is no significant difference between the calculated shunts in Groups II and DI (11 per cent and 14 per cent respectively).
DISCUSSION
Two factors tend to raise the arterial Po 3 of the anaesthetized patient. The first is the sub-basal level of oxygen uptake which, in this study, confirms the value of 86 per cent at a mean rectal temperature of 36.4°C found by Nunn and Matthews (1959) (fig. 4) The increase in alveolar POj due to a 13 per cent reduction of oxygen uptake normally amounts to less than 10 mm Hg, but will be greater under conditions of underventilation. Our results are only slightly below 100 per cent of the metabolism standards suggested by Robertson and Reid (1952) . These standards also apply to drug-induced sleep (Fraser and Nordin, 1955) . The second favourable factor is the concentration effect of nitrous oxide uptake on alveolar Po 2 (Fink, 1955) .
Against these favourable factors, there appear to be no less than four factors tending to lower the arterial Po 3 during anaesthesia with spontaneous respiration:
(1) Underventilation. 
Underventilation.
Minute volumes of respiration found in this study were slightly higher than those found in a comparable study of patients anaesthetized without the use of halothane (Nunn and Hill, 1960) . Arterial Pco 3 was marginally lower in the present study. However, it is important to realize that these comparatively innocuous levels of Pco 3 do not guarantee adequate ventilation. This deduction may only be made in a steady state, and the values for the respiratory exchange ratio found in this study suggest that a steady state for carbon dioxide was not attained for a considerable time after the start of the anaesthetic. Reduction in ventilation causes a rapid fall of alveolar Po, (half-time about 30 seconds; Farhi and Rahn, 1955a) , but the rate of carbon dioxide build-up is limited by the rate of production and retention of carbon dioxide and the large storage capacity of the body for this gas. The time course of carbon dioxide retention during underventilation has not yet been established, but clearly the rate must be very much slower than the rate of depletion during hyperventilation (half-time about 4 minutes; Fahri and Rahn 1955a; Nunn and Matthews, 1959) . The practical point is that a patient may be suffering from hypoxia due to underventilation at a time when the Pco, is still within reasonable limits. The customary definition of ventilation by the arterial Pco a thus requires qualification in the unsteady state.
Increased deadspace.
The physiological deadspace amounted to about a third of the tidal volume, with half of the anatomical deadspace excluded by endotracheal intubation (Nunn, Campbell and Peckett, 1959) . Nunn and Hill (1960) found an identical deadspace/tidal volume ratio in patients anaesthetized without halothane ( fig. 3) . They also demonstrated that the physiological deadspace was about double the anatomical deadspace, indicating deadspace at the alveolar level, probably arising from maldistribution of inspired gas relative to pulmonary bloodflow. It should be remembered that the deadspace may be further increased in elderly and emphysematous patients (Donald et al., 1952) and after haemorrhage (Freeman and Nunn, 1963) . Deadspace is further increased during anaesthesia by the inevitable addition of apparatus deadspace.
Increased shunting.
True shunt is most conveniently measured at high levels of alveolar Po 3 . The mean calculated value of 14 per cent of pulmonary bloodflow obtained in this study may be compared with a calculated shunt of less than 1 per cent found in normal conscious supine subjects using the same techniques (Nunn and Bergman } 1964) . The latter finding is almost identical with the results obtained under comparable circumstances by Cole and Bishop (1963) , who concluded the major part of the shunt must consist of Thebesian veins draining into the left heart. It seems unlikely that the large shunt observed during anaesthesia should be caused by an increase in the flow through the Thebesian veins and the explanation is probably perfusion of totally unventilated parts of the lung.
Whatever may be the interpretation of our findings, it is clear that, during the inhalation of high concentrations of oxygen, the arterial Po 2 of the anaesthetized patient will be about 200 mm Hg less than the alveolar Po 3 (compared with a difference of about 15 mm Hg in the conscious subject). It is fortunate that this is seldom of significance in the heakhy patient, since the alveolar Po 3 is usually so far above the normal level that the arterial blood remains fully saturated in spite of the increased alveolar-arterial Po, difference.
We considered the possibility that large shunts might be due to demonstrable atelectasis. Patient J.S. was X-rayed immediately after surgery, but no localized lung lesion was seen. This does not exclude the possibility of major atelectasis. Bendixen, Hedley-Whyte and Laver (1963) Similar increases in true shunt have been reported during anaesthesia by Stark and Smith (1960) , and in the postoperative period (Gordh, Linderholm and Norlandex, 1958) . Interpretation of the findings of the latter group is complicated by the very high values for shunt which they obtained in their control pre-operative measurements.
Inequality of ventilation/perfusion ratios (maldistribution).
At the lower levels of alveolar Po, in this study, the observed alveolar-arterial Po a difference corresponds to a significantly larger calculated venous admixture than at high levels of alveolar Po,. It is necessary to consider three possible components of the alveolar-arterial Po 2 difference within this range: component due to shunt; component due to failure of attainment of diffusion equilibrium; component due to inequality of ventilation/ perfusion ratios. The first component has been discussed above and it is generally assumed that the magnitude of the shunt remains unchanged at lower levels of alveolar Po,. However, due to the shape of the haemoglobin dissociation curve, the resulting alveolar-arterial Po, gradient is diminished as the alveolar Po, is reduced. Thus a shunt of 10 per cent causes a gradient of about 130 mm Hg at high levels of alveolar Po 3 , but only about 15 mm Hg at an alveolar Po, of 97 mm Hg. Therefore, the shunt demonstrated at high Po, can account for little more than half of the alveolar-arterial Po, difference found at the lower levels of Po, in this study.
Hitherto it has been thought that the limitation imposed by the diffusing capacity of oxygen accounts for an appreciable part of the total alveolararterial Po, difference at lower levels of alveolar Po 2 , although not at higher levels . On this traditional view, our results might be explained by a combination of increased shunt and impairment of diffusing capacity. However, recent studies, reviewed by Staub (1963) , suggest that the diffusion component of the total alveolar-arterial Po, gradient is much less than had formerly been supposed. It now seems unlikely that any conceivable impairment of diffusing capacity could make a substantial contribution to the total alveolar-arterial Po, gradients observed in this study.
We are left with inequality of ventnation/perfusion ratios (maldistribution) as the most likely cause of that part of the total alveolar-arterial Po, gradient which cannot be explained by shunt. Regions of high ventilation/perfusion ratio interfere with carbon dioxide elimination, but do not appreciably influence oxygenation of the arterial blood. Regions of low ventilation/perfusion ratio, on the other hand, have little effect on carbon
Arterial Po, plotted against percentage of oxygen in inspired gas. dioxide elimination, but cause a marked impairment of oxygenation of the arterial blood (Severinghaus and Stupfel, 1957) . In this study we are, therefore, more concerned with regions of relative over-perfusion. Using the multibreath nitrogen washout method, Bergman (1963) has demonstrated a normal pattern of distribution of inspired gas during anaesthesia with spontaneous respiration. There is thus some evidence that the primary abnormality is uneven distribution of pulmonary bloodflow rather than inspired gas.
It is not possible to ascribe a numerical value to the degree of regional relative overperfusion, unless the pattern of maldistribution is known. Farhi and Rahn (1955b) have considered the possibility of a log-normal scatter of ventilation/perfusion ratios. West (1963) , however, has demonstrated that horizontal layers of lung tissue have ventilation/perfusion ratios governed primarily by the effects of gravity on the distribution of the pulmonary bloodflow. We may expect this effect to be diminished in the supine position, but at present one can only speculate about the probable form of maldistribution in the anaesthetized patient.
Although it is not possible to make a quantitative presentation of the degree of maldistribution, the alveolar-arterial Po 2 difference ( fig. 7) defines the resultant disturbance of function, without speculating as to its cause. The calculated venous admixture (also in fig. 7 ) shows the degree of venous admixture which would be needed to explain the observed alveolar-arterial Po a difference, but should not be taken to imply that the disturbance is, in fact, due to simple venous admixture.
The degree of regional relative overperfusion found in this study appears roughly comparable with the degree of regional relative over-ventilation demonstrated by the increased alveolar deadspace found by Nunn and Hill (1960) . It is tempting to believe that the two studies have measured different aspects of the same fundamental disturbance.
The degree of maldistribution found in this study also appears compatible with the postoperative data of Nunn and Payne (1962) . Their findings could be explained by regional relative overperfusion producing the effect of a 25 per cent venous admixture at an alveolar Po, of 100 mm Hg, a figure closely corresponding to the mean value in figure 7 .
Clinical implications.
It must be stressed that, although cyanosis may be present in severe hypoxia, its absence does not guarantee normal or even near-normal levels of oxygenation (Comroe and Botelho, 1947) . In this ALVEOLAR POj -mmHg Fio. 7 Alveolar-arterial Po, difference and venous admixture plotted against ideal alveolar Po,.
study, cyanosis was not apparent in the four patients with arterial oxygen tensions below 60 mm Hg (86 per cent saturation). On the other hand, faulty lighting or venous congestion gave the appearance of cyanosis in other patients whose saturation was in excess of 99 per cent. It is clear that observation of the patient is not by itself sufficient for the maintenance of normal Po 3 during anaesthesia; practical application must also be made of the theoretical factors influencing arterial oxygenation. Many anaesthetists take the view that adequate oxygenation is of such importance that the patient should receive more than 90 per cent oxygen in the inspired gas. The present study suggests that this will ensure higher than normal arterial Po 3 in a routine case.
Unfortunately, the use of high concentrations of oxygen excludes the effective use of nitrous oxide, which requires a concentration in excess of 65 per cent to ensure loss of consciousness. Therefore, anaesthetists who wish to use nitrous oxide must be prepared to administer oxygen in a concentration which is no higher than is needed for normal arterial oxygenation.
The problem is to define the minimum concentration of oxygen required.
We may start from the premise that 100 mm Hg is an adequate arterial Po,, this being not only the normal level, but also sufficiently far above the bend of the dissociation curve to give a valuable margin of safety. In figure 7, it will be seen that the maximal alveolar-arterial Po 2 gradient approximates to half the alveolar Po 3 (below an alveolar Po a of 200 mm Hg). Therefore, the minimal arterial Po, will also be half the alveolar Po a . Thus an alveolar Po 3 of 200 mm Hg is required to ensure an arterial Po, of 10 mm Hg in the majority of patients (say 95 per cent) under the conditions of this study. The problem now consists of adjusting the inspired oxygen concentration to the minute volume so that the alveolar Po, will be above 200 tnm Hg, account being taken of the probable sub-basal metabolism of the patient This is a relatively simple problem and equation (iii) may be rearranged to indicate the inspired oxygen required for any given ventilation, or alternatively to indicate the minimum acceptable ventilation for any given inspired oxygen concentration. Assuming an oxygen consumption of 225 ml/m (BTPS) and VD/VT ratio of 33 per cent, the equation simplifies to:
Required inspired oxygen concentration (%) = 28 + 33 minute volume (l./min BTPS) Sample values are given in table ID, but intermediate values for a wide range of circumstances can be read off the predictor described by Nunn (1962) . Figure 6 shows that in this study, with an average minute volume of 5 l./min, an inspired oxygen concentration of 26-31 per cent was sufficient to maintain normal arterial Po s in the average patient but not for the majority. Interpolation suggests that 35-40 per cent would be required, and this accords with the observed minute volumes and the values quoted in table HI. Unfortunately, this concentration of oxygen does not permit the use of a sufficiently high concentration of nitrous oxide to ensure unconsciousness in all cases (Rosen, 1959) .
This study has dealt with problems of oxygenation. Concern for the maintenance of normal oxygen levels should not blind the anaesthetist to the problems of carbon dioxide homeostasis. It is for each anaesthetist to decide whether he is prepared to accept the degree of respiratory acidosis, which appears inseparable from the type of anaesthesia with which this study is concerned.
Caution should be exercised in extrapolating these findings to situations which lie outside the It is still too early to define the precise nature of the impairment of oxygenation occurring during artificial ventilation. Early studies by Campbell, Nunn and Peckett (1958) and Frurnin et al. (1959) have indicated alveolar-arterial Po 3 gradients intermediate between normal values and those found in this study. Studies of arterial saturation during anaesthesia have shown lower levels than would be expected in conscious subjects at comparable minute volumes (Ikezono et al., 1959; Cole and Parkhouse, 1961; Dobkin and Song, 1962; Wakai, 1963; Conway and Payne, 1964) .
ACKNOWLEDGMENTS
The author is indebted to the anaesthetic and surgical staff of the Postgraduate Medical School and Hammersmith Hospital for their willing co-operation in these studies.
These studies were carried out while the author was in receipt of a Leverhulme Research Fellowship and a Medical Research Council Grant.
LES FACTEURS QUI INFLUENCENT LA TENSION DE L'OXYGENE ARTERIEL AU COURS DE L'ANESTHESIE AU HALOTHANE AVEC RESPIRATION SPONTANEE
SOMMAIRE
Etude des facteurs qui influencent l'oxygenation du sang arte'riel pendant l'anesthesie de routine chez 36 malades narcotises par l'halothane et respirant spontanement ayec un volume/minute moyen de 5 l./min. On obseryait nettement pendant la premiere heure de l'anesthesie un stade respiratoire instable. La consommation d'oxygene ^tait de 87%, calculee a partir de la valeur basale. L'espace mort physiologique atteignait 33% du volume circulant expire 1 (tous les malades dtaient intubes). Aux fortes concentrations de l'oxygene inspire le gradient alve'olaire arte'riel Po, £tait en moyenne de 184 mm/Hg, ce qui correspond a un shunt de 14% du flux sanguin pulmonaire. Aux faibles taux du Po, alviolaire le gradient alve'olaire art^riel Po, diminuait, mais restait au-dessus des valeurs qui correspondraient a un shunt de 14%. Cela 6tait probablement du a un taux de ventilation inadequat (maldistribution) correspondent a un melange contenant 30% de sang veineux. On en conclut que pour assurer chez la plupart des malades un Po, arteriel normal, le Po, alveolaire doit fitre de 200 mm/Hg et cela exige dans les conditions realises dans cette 6tude une concentration de 35% de l'oxygene inspird. 
